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SUMMARY

This contract (ONR: N00014-00-C-0270) has resulted in two deliverables, apart from this

final report. The first deliverable is a software application intended primarily to facilitate of-

ficer detailing in the U.S. Navy and other military agencies. It may also be useful in civilian

organizations with complicated personnel assignment or reassignment needs. The second de-

liverable is a design of software intended to facilitate enlisted career counseling in the U.S.

Navy and other large civilian or military organizations.

The primary feature of the first deliverable, tentatively entitled DETAILER, is that it is

based on two-sided matching. Thus all matchings assigned by the program are stable. No

officer and command both prefer each other to the billet and officer assigned them.' The offi-

cer may prefer other billets but those commands prefer the officers assigned to them. Simi-

larly, a command may prefer other officers to the one it has been assigned but those officers

prefer the billets they have been assigned. Other features of DETAILER are:

-The program recognizes that officers typically change jobs every few years. The user can

make exceptions if he or she chooses but ordinarily each officer has a transfer date when he or

she is expected to move to another job.

-The program takes account of rank. The default condition is that an officer can be assigned

to a billet rated at the officer's current rank or one rank above or below it. Again, the user can

make exceptions if he or she chooses.

-The program takes account of transfer dates. The user can specify how long a gap (how

many months) there may be between the departure of the incumbent officer and the arrival of

his or her replacement. Similarly, the user can specify how much overlap (how many months)

there may be when both officers are on board. Again, of course, the user may make excep-

tions.

Most importantly, the program allows the user to take into account the preferences of indi-

vidual officers and commands. The officers do not have to rate or rank all billets; nor do the

1 We will speak of officers preferring billets and commands preferring officers. Where a
particular billet is at issue, it is the command's preferences for that billet to which we refer.
Similarly, although the command may be a part of it, an officer's preference is for a particular
billet, not the command itself.
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commands have to rate or rank all officers. But wherever the user knows of an officer's or a

command's distinct preference, that preference can be taken into account.

-- DETAILER eventuates in a slate of assignments, a one-to-one pairing of officers and jobs.

Ordinarily, all or most of those assignments are made by the program, after allowance is made

for rank, transfer dates, and individual preferences. However, the program allows the user to

make assignments manually.

The second deliverable responds to the Navy's need for its career counselors to have a

systematic basis for their work. A sailor approaching his rotation date needs to know several

things: which jobs are available, which of those jobs he is eligible for, the probabilities of ob-

taining particular jobs, how his expressed preferences might affect those probabilities. If he

has an idea where he would like to be several tours into the future, how (by which career

pathways) might he reach that goal and what are the probabilities of his reaching it by one or

another of those possible pathways?

The second deliverable is based on representative samples of sailors with the same rate and

rating, rather than historical data. Historical data are notoriously difficult to ascertain and,

even when they can be ascertained, they are necessarily out of date. Further, they involve

only the pathways that other sailors have followed, not their preferences. A sailor, however,

needs to know not only what his options are but how his expressed preferences are likely to

affect his probable assignment. That, after all, is why he meets with a counselor, to decide

what to ask for.

The proposed solution results in a figure showing each job a sailor is eligible to have and

the probability of his being assigned to it given his expressed preferences. The sailor may not

like what he sees, in which case he may consider another set of preferences and see how it

turns out. Meanwhile the counselor can inform him about the jobs he is considering and point

out to him the value of making realistic preferences. The two together can consider possibili-

ties not just for the next tour but the one after that and others still further into the future.

The remainder of this report is divided into four sections, plus appendices. The next sec-

tion outlines the contract's history. The section after that explains two-sided matching. And

the final two sections explain the two deliverables.

CONTRACT HISTORY

The original proposal called for two deliverables: "The first is a stand-alone package for

use in personnel situations characterized by many jobs, small quotas (often just one person),
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and many constraints on who can be assigned where. This first package is focused primarily

on constraint satisfaction, that is, on assignments that meet all rules, regulations, individual

preferences, and other requirements or desiderata as well as possible. The second and more

complex package is intended for use in personnel situations characterized by large numbers of

people to be assigned, few job categories, and many individuals to be assigned in each cate-

gory... Our intention is to carry Package 2 as far toward market readiness as we can but we do

not expect to get there in this contract."

We (Joseph and Jones) travelled to Millington at the very start of the contract, August 16-

19, and met with Tanja Blackstone, Tony Benson, and Steve Clemens. Work proceeded as

planned and in midDecember we submitted a "First Progress Report" (Appendix A). In Feb-

ruary, 2001, we returned to Millington and presented our results to date to Blackstone, Ben-

son, and Clemens. Then in March we made the same presentation to Tony Cunningham. At

the meeting with Cunningham we learned that he, as head of the Sailor/Marine Career Man-

agement System, was organizing a Military Personnel Research Science Workshop to be held

at the University of Memphis on June 4-5, 2001. We were invited to attend and to present.

At the workshop we were greatly impressed by the presentations involving two-sided

matching, especially the one by Bill Gates. We had expected from the beginning to rely on

constraint satisfaction. However, after reading the basic text on two-sided matching by Roth

and Sotomayor [1990] we became convinced that it offered a theoretically superior constraint

to the one we had originally envisioned. Accordingly, on June 15, we wrote a letter to Cun-

ningham (Appendix B) suggesting that we move our theoretical base to two-sided matching

and requested a "steer" from him as to where we might now take our work. He replied that he

wanted to talk over our proposal with "Tanja Blackstone and other folks in my institute" We

next heard from Tanja, who told us that the "alternate approach" that she and Tony had dis-

cussed was to undertake the "carrer path/career development piece of the S/MCMS." We in-

dicated that we felt we should finish Package I of our original proposal (with the theoretical

base now moved to two-sided matching) and then get as far as we could with the career man-

agement work (which now replaced our original Package 2). We then met with Tony Cun-

ningham as soon after that as was possible (August 9, 2001) and obtained a more definite idea

of what we might do with career management. Almost a year later (July 22, 2002) we pre-

sented our thoughts and ideas to Tony. In the meantime DETAILER was nearing completion.
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We requested and received a no-cost 6-month extension to prepare both projects for final

presentation in this report and accompanying software.

TWO-SIDED MATCHING

Two-sided matching is a branch of game theory used by economists to model markets

which include two disjunct sets of agents. In a conventional commodity market the agents are

not disjunct. Today's buyer may become tomorrow's seller. "Buyer" and "seller" do not re-

fer to two nonoverlapping groups of people but to two roles that the same agents may play.

Further, what one sells and what one buys do not have any obligatory relation to one another.

The same man who sells his car may buy a television set and the person who buys the televi-

sion set may sell it and buy something else tomorrow. A matching market contrasts sharply in

these respects. In a labor market workers look for firms to hire them and firms look for work-

ers to hire. The workers may leave the firm and the firm may discharge the worker but neither

one in so doing becomes the other. Further, when a worker finds a job, it is with another firm

and that firm, on its side, finds that individual as a worker. There is a necessary complemen-

tarity between the two, a matching of one or more agents from one side with one or more

agents from the other. This complementarity is especially obvious in a marriage "market."

Men look for women and women look for men. When they marry, there is a matching of one

man with one woman and vice versa.

In two-sided matching the marriages are usually arranged, although they do not have to be;

matching theory can also be used to describe or explain human behavior in natural markets

[for example, Becker, 1973, 1974; Grosbard-Schechtman, 1984; McElroy, 1990]. The first

application of two-sided matching, and still its most successful, is the National Resident

Matching Program (NRMP). Medical students in their fourth and last year of training for the

M.D. degree start looking for residency programs to train them in a specialty. They visit at

least a few such programs and, on this basis and what is generally known about the programs,

they submit their preferences to the NRMP. The list begins with the student's most preferred

program, then his or her second most preferred program, and so on; the list may be as long as

the student wishes to make it. On their side, the residency programs submit their preferences

to the NRMP. Their lists name the students the residencies would like to have in order of

preference. The two sets of lists are then processed by the NRMP and on Match Day in the

second week of March both students and residency programs learn who has been assigned

where.
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The relevant medical associations agreed to adopt the NRMP procedure for the 1951-52

academic year and have been using it ever since. The algorithm used by the NRMP to process

the lists of preferences was developed partly by good sense and partly by preliminary trials. It

was 32 years later when Roth [1984] showed that the NRMP algorithm had been developed

from theoretical considerations twenty-two years earlier by Gale and Shapley [1962] in a pa-

per entitled "College admissions and the stability of marriage."

"Stability" is the central idea in matching theory. It applies to matchings, that is, one-to-

one pairings of men and women or, more generally, of agents from one side of the market to

agents from the other. To be stable a matching must meet two requirements. First, the paired

agents must be acceptable to each other. If a man would rather be single than married to the

woman assigned to him, the marriage is unstable--and similarly, of course, if a woman is as-

signed an unacceptable man. Second, a matching is unstable if it includes a man and a woman

who would rather be married to each other than to the persons assigned them in the match. If

there were such a couple, then both man and woman would be better off outside the match

than in it. If they can find each other, they will both, in theory, abandon their assigned mates

and form their own couple. In the NRMP a student who can find a residency which he pre-

fers, and which prefers him to at least one of the students assigned to it, has no compelling

reason to accept the assignment made for him by the NRMP. He or she can do better on his or

her own. On the other hand, if every residency which the student would prefer has other stu-

dents it prefers to her, then the student has done as well as she can expect. Yes, there are resi-

dencies the student would prefer, but those residencies don't want her. As for the residencies,

they would like to have some students more than the ones they have, but those students are all

in programs they prefer. So both sides settle for the match.

For several major reasons military services worldwide rotate their personnel from job to

job every few years. Some jobs are less attractive than others and good morale is better

served by equitable rotation than by allotting good jobs to some people and poor jobs to others

on a standing basis. Military readiness typically requires proficiency in a variety of skills un-

der varied circumstances, and rotation better meets this requirement than long-continued as-

signment to one job. Military services do not want their personnel to put down such strong

roots in one place that they resist reassignment when the occasion requires it. The word "de-

tailing" refers to the process of reassigning military personnel from one job to another; it ap-
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plies to both officers and enlisted men; and the people who make these reassignments are

called "detailers."

Detailing is a two-sided matching process, a special kind of labor market. It has two sides,

officers and billets. The officers have their preferences among available jobs and the com-

mands have their preferences among available officers. The detailer's task is to make assign-

ments that meet both sets of preferences as well as possible. The idea of stable matching

clearly applies. It makes no sense to assign an officer to one job when he would prefer an-

other job in another command and that other command would rather have him than the officer

assigned to it. In these respects the detailing process parallels the marriage market or the resi-

dency market for graduating medical students.

THE FIRST DELIVERABLE: DETAILER

Program Overview

The Detailer program is designed to employ two sided matching to aid in the process of as-

signing Officers to Billets. To do this, a database of officers and billets is defined. Officers

and billets are associated in one or more matchings or assignment slates that can be used to

make the final assignments.

The Detailer program is written in Microsoft's Visual Basic and uses an Access database. The

program is organized into program screens and a Dynamic Link Library (DLL).

There are two main program screens. The first is the database development screen. It allows

the user to define the Officer and Billet information. In this screen the names, dates, ranks,

and ID information is set. The second screen allows the user to manipulate and analyze the

matching process. In this screen the preference list order can be manipulated, manual assign-

ments made, and the two sided auction run.

The other component is a Dynamic Link Library (DLL) that encapsulates the algorithm that

implements two sided matching. This DLL can be used to incorporate into other products

where two sided matching is desired, including web based products.

The following is a description of the program screens, their contents and their use.
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Window 1
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Database Selection Window

This window allows the user to select a database name to use. This is an access database that

is created and used by the program.

The program begins with a default database name. Either this name, or a user defined name

may be used. If the database named does not already exist, it will be created using the name

supplied. If the database already exists, then the user may press the "Load and Go" button to

load the database and proceed to the matching screen. Otherwise, the "Edit Database" button

should be pressed.

Buttons:

* ... - Brings up a file selection dialog that allows the user to navigate disk drives and

directories to find a database to load.

* Edit Database - Expands the window into the Edit Database screen.

* Load and Go - Loads the named database and goes directly to the Matching Screen.

* Exit - Exits the Detailer program.
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Window 2
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Edit Database

When the "Edit Database" button is pressed, the screen expands to add the database editing

tables. The tables are:

Table A- Henceforth referred to as the Officer Table. This table will contain information that

refers to each officer in the set of officers that the user is responsible for assigning. If the user

would rather refer to placed individuals as something other than Officer, the name can be

entered next to Table A Name, and all references to officer in the program will be replaced by

the new name.

The columns in this table are:

"* Officer - The name of the officer

"* Identifier - The ID number of the officer. This field may be ignored by clicking the "Show

ID" check box.

"* Date - The transfer date of the officer
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"* Rank - The current rank of the officer

"* Cur Billet Name - The current billet to which the officer is assigned

"* Cur Billet ID - The ID number for the current Billet. This field may be ignored by clicking

"Show ID"

"* Comment - A user defined comment to be associated with this officer

Table B - Henceforth referred to as the Billet Table, contains information that refers to each

billet where officers may be assigned. If the user would rather refer to the jobs to be filled as

something other than Billet, the name can be entered next to Table B Name, and all references

to billet in the program will be replaced by the new name.

The columns for this table are:

"* Billet - Name given to the billet

"* Identifier - Designation given to the billet

"• Date - The date when the billet will be vacant

"* Rank - The designated rank associated with the billet. Must be one of the items from the

Rank Table.

"* Cur Officer Name - Current officer occupying the billet. Must be either <None> or one of

the names in the Officer Table

"* Cur Officer ID - The ID of the current officer.

"• Comment - A user defined comment to be associated with this billet

Rank table - contains a list of officer ranks in order from lowest to highest.

Data editing:

To add a row to a table, the user double clicks on the bottom row. This creates a new row, and

allows the user to fill in information in the new row.

When a new officer is added, the ID, Date, Rank, and Current billet fields are defaulted. The

ID field is guaranteed to be unique and need not be changed if the ID is not needed. The Date

field defaults to the current day. The Rank field defaults to <None>. If rank is not needed, this

field can be left as the default. The Current billet fields also default to <None>. If the program
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will not need to exclude from consideration the billet an officer currently occupies, these

fields could be left as the default as well.

The order of Officers in the Officer Table and the order of Billets within the Billet Table will

determine the order of the initial preference lists. These lists can be modified and updated in

the Matching Screen.

It is recommended that the user enter all Officers and Billets first, before modifying the Date

fields or Current fields.

To modify a field, double click the mouse on that field. For the Rank, and Current fields, a

menu list of all the possible options is presented. This allows the user to select a Rank, or

current billet from the existing set.

When the Cur Billet Name is selected for an officer, the Cur Billet ID is automatically

selected as well, and the Cur Officer fields of the selected billet are updated to reflect the

same officer. The date fields are also coordinated between officer and billet with the

assumption that an officer's transfer date coincides with the date when his/her current billet is

available.

The Billet Table operates in a similar fashion as the Officer Table.

Buttons:

"* Create Demo Database I - Creates a pre-defined set of officers and billets with

randomized settings for demonstration purposes.

"* Create Demo Database 2 - Creates a pre-defined set of officers and billets designed to

produce many matchings in the Matching screen.

"* Create Demo Database 3 - Creates a pre-defined set of officers and billets designed to

simulate a detailer's actual data.

"* Clear Database - Clears the database allowing the user to start again creating officer and

billet information.

"* Matching Screen - Launches the Matching screen that allows the user to define

assignments.
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